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compost."-- P ' „ v CIVS , am „ e or amorphous. 

,5 polymer. . fluoropolymer may be pattaUyj . nuo ri„ a ted 
pUaric or etoomerk. Amorphous drpolymen ofTCE P 
alky l viny. ethera erc kno«r ,o be el— . «* » o „ c ^ 
temperature* (T,). usually less than I C. ^* „„ or 

rigid .morphoos fluoropolymers. tovmg T, « about 

20 higher, are desired heM fl„oropropylent (HFP) 

Cenam copolymers of! bt 

ar e known. For example, ft. & Sand, tn inftartd 

ratio, to. called HPF 'tutor or ^ % ^ ^ 

25 multiplier of 4.5 to convert HFP1 to having HFP 

ft, field have refined their composmona „, , 0 HFP 

30 generally use multiplied in the range of 3.0-3.2 

content in wt%_ , discloses partially 

Morgan in U.S. Patent 5.2 ^ 

crystalline TFE/HFP copolymer havmg ^ °^ Aa , , 

a semi-batch diapersion po.ymematton proe« * Mo I 
35 high concentration of surfactant can »J* ^ 
reain and that surfactant conccnttalton should be 
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preferably less than 0.2 wt%. based on the aqueous medium. Surfactant 
concentrations exemplified were in the preferred range. 

Khan in U.S. Patent 4.381.384 discloses a continuous 
polymerization process for TFE polymers including copolymer 
containing up to 20 mo.% of a variety of comonomer, 0 ^ FP 
copolymer., a multiplier of 2.1 was used to convert HFPI to HFP content 
in mol%. so that the limit of 20 molK would correspond to an HFPI of 
9 5 in the examples for TFE/HFP copolymers. HFP content of 5.4 mo.% 
(HFPI of 2.57) was the highest level actually achieved. The continuous 
process of Khan in U.S. Patent 4.381.384 suffers from some disavantages. 
includin* a verv high surfactant concentration that must be used to 
p proacn stable reactor operation and to enable discharge of the reacuo 
mass without coagulation of the polymer in or in passmg through the let- 
down valve. This high surfactant concentration can. m turn, make ,t 
extremely difficult to isolate the polymer from the 
undesirable in the isolated product. Space-nme yield for Khans low-HFP 
copolymer was of the order of only 0.1 kgA.hr. . upp 

Khan discloses that TFE/HFP dipolymers having HFP 
content reflected bv HFPI = 9.5 are partially crystalline, though HFP 
nc rporation did not approach this level. Morgan discloses that sue 
polymers having HFPI = 9 are crystalline, and did not achieve higher 

,cve,sofHFP ;^ 

copolymers. Such copolymers having HFPI values « " 
exemplified. Eleuterio also discloses a partially crystalhne TFEttFP 
copolymer having HFPI - 10.5 and 1 5% crystalling This level of 

lallinity is surprisingly high for the HFP. value, which corresponds to 
HFP content of about 25 mol% as estimated from examples to follow 
especially after mel, pressing of the sample. However. Eleuteno s method 
of synthesis, with all of the TFE and HFP monomers present at the start of 

he polymerization reaction, would be expected to producevery non- 
uniform copolymers because HFP is much less reactive dian TFE. 

Although it is well-established commercial practice to make 

winter shipments of aqueous dispersions of TFE homopo.y mers and 
; copolymers in insu.ated and/or heated trucks to prevent freeze damage. 

ypTc Jv .rreversib.e coagu.ation. no commercial utilization of a freezing 

processor isolation of TFE polymer resin from its polymenzauon 
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mediom is known. A freeze drying process, involving sublimarion of me 
„ rtr ftom one frozen coagulare or dispersion, for fibrilloribl. . non-mel, 
IZL TFE polymer usually supplied as » 
oanicles (often called fin. powder) is drsclosed by Ocon. n U.S. P.lent 
5 3T92 759 Furnya * Moroo in U.S. Pa.em 5.816,431 disclose a process 
5 ^paring a dlpersion of mw marerials for reacrion layers of 0 gas 
nemieableelecttode comprising mixing carbon black. 
p o™lfluorc, h yl.n«. warer and surface freezing .Ms m.xrure and 
then thawing out the mixture. 

The invention provides a uniform amorphous copolymer 

comprising copolymerized units of ">**™^"t ln one 
hexafluoropropyiene. having HFP content of up to 29 ™ 
embodiment of the invention. HFP content ,s from 20 to 29 mol/o. In 
,5 Totne lbodirnent. the copolymer also contains copolymenzed unns of 
15 : Cone comonomer selected from fluoroolefln containing 4 ebon 
atoms and fluorovinvlether. said copolymer con.ammg suff.c.ent 
heXopropylene and additional comonomer combined to cause the 
copper » be" amorphous, said copolymer having g .ass trans.uon 

20 lCmPeratUrC ° f ^:Zllo^ .ueous dispersions of said 
amorphous copolvmers. and a process for isolating tetrafluoroethylene 
Im rresinfromaqueouspolymerizat.onmed.um. Th.s process 
comprises fust freezing the dispersion, thaw.ng the frozen d.spers.on. 
.5 then removine the liquid from the polymer solids. In a prelerred 
23 1 Tment of this rocess. the liquid of the thawed 

emoved immedia.elv from the polymer solids. th,s provdrng better 
rr^if water removal is delayed. In another prelerred embody 
o th isolation proces of this invention, thawing of the frozen d,spers>on. 
30 emov of the liquid from the thawed frozen dispersion, an wash.ng of 
the polymer solids of the thawed frozen disperse are carry.ed out 
sim ultaneous.y^ ^ ^ ^ & ^ ^ comp , s 

substrate coated with a coating, wherein the coating comprises amorphous 
copolymer of tetrafluoroethylene and hexafluoropropy.ene havmg HFP 
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content of up to 29 mol%. 
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In another embodiment of the invention, the uniform 
amorphous copolymer described above is made by the process compnstng 
ba tenderizing (tetrafluoroethy.ene and 

Lafluoropropylene) in an aqueous medium contammg surfactant o 
2to7l£o»s dispersion of the copolymer from these fluoroo efins. 
Z s JL Jbeing present in a concentration which is at least 1 .5 umes 
the critical micelle concentration of said surfactant. 

It has also been discovered that this polymery, on process 
is advantageously applicable to the conization of 5 
to make partially crvstalline melt-fabricable fluoropolymer and th,s « 
not L embodiment of the present invention. In this embodiment, the 
Octant concentration can be as little as 1.2 times the crtttca. m,c le 
one n ration. Tvpically. the fluoropolymer will contam repeat umts 
dX^ 

dig the copo.ymeriza.ion wil, be effective to ^ 
to the fluoropolymer while retaining at least some of the ^ 
i ^...ri^icoftetrafluoroethvlenehomopolymer. The freeze/tnaw 

The TFE/HFP copolymers of this invention have up to 
29 mol% of units derived from HFP and are amorphous. By dni .« >s 

fthnt h heat of fusion calculated from any endotherm detected m a 
meant that the heat ot as .p 0 lvmerized resin is 

differential scanmng calonmetry (DSC) scan lor p 
no more than about 3 J/g, preferably no more than abou 1 J/g. Such 

Generally, no endotherm is seen in a seconu 
> endotherm is copolymers of th, invention can 

contain units derived from one or ^^^—^ 
selected from fluorolefms havmg 4 to 8 carbon atoms and 
flto ovinylethers. Fluoroo.efms having 4-8 carbon atoms include 
fluorovmyie fluorobu(vl elhv i ene and perfluoroolef.ns. 

formula CF : = CFCW/O). R/. wherein k ,s Oo. R / is hnear 



4 



PCI7US96/01483 

WO 96/24625 



branched perfluoroalkylene of 2 to 6 carbon atoms, and Rf is 
perfluoroalkvl of 1 to 6 carbon atoms, examples of which are 
perfluonXalkvl vinyl ether) (PAVE) corresponding to K - 0. Preferred 
PAVE include perfluorofmethyl vinyl ether), perfluoro(ethyl vinyl ether) 
5 and periluoro(propyl vinyl ether). Still additional examples of such 
fluoromonomer includes the functional fluorovinylethers. wherem the 
functionality is ester, alcohol, or acid. The ester- functional 
fluorovinvlethers can be carboxylic ester or alcoholic ester. Examples of 
such fluorovinylethers include CFvsCFfOCF.CHCF^-O- 
10 (CF,) n CH,OH as disclosed in U.S. Patent 4,982.009 and the alcohohc 
ester CF^CF[OCF,CF(CF 3 )] m -0-(CF 2 ) n -(CH 2 ) p -O.COR as disclosed m 
U S Patent 5.310.838. Additional fluorovinylethers include 
CF,=CF[OCF,CF(CF3)LO(CF 2 ) n COOH and its carboxylic ester 
CFUcF10CF,CF(CF 3 )LO(CF 2 ) n COOR disclosed in U.S. 
15 Pat'ent 4.138.426. In these formulae, m - 0-3. n = 1-4. p = 1-2 and R ,s 
methvl or ethyl. Preferred such fluorovinylethers are 
CF,=CFOCF,CF(CF 3 )0(CF 2 ) 2 CH20H and 
CF",=CFOCF",CF(CF 3 )0(CF 2 ) 2 COOH. These fluorovinylethers are 
preferred either because of their availability or their ability to incorporate 
20 functionality into the resultant copolymer. Additional fluorovinylethers 
include alkvl fluorovinyl ethers such as disclosed in U.S. Patent 
3 159 609 *The additional comonomer does not prevent the incorporate 
of the high amount of HFP into the comonomer. Typically from 0.1 to 10 
m0 l% of additional comonomer may be present, based on total monomer 
->5 units in the resultant copolymer. Tne uses of amorphous TFE/HFP 
copolymer disclosed herein include the possibility of the copolymer 
containing one or more additional comonomers such as descnbed above. 

In one embodiment, a TFE/HFP copolymer of this invention 
that is amorphous as defined above will typically have HFP content of 
30 from 20 to 29 mol%. usually from 22 to 29 mol%. (Statements of 
copolvmer composition in terms of comonomer content refer to units 
derived from said comonomer.) When such copolymer is 
is in surprising contrast to Eleuterio s disclosure (U.S. Patent 3.062 793) 
of a dipolymer having HFP1 = 10.5 and characterized by substantial 
crvstallinity. This difference is attributed to the copolymers of the instant 
invention having better uniformity than those of Eleuterio. in the sense of 
the distribution of TFE and HFP in the copolymer. From the nature of 
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,„ be rich in TFE uni.s (and -« ^ stal '^° reaclio „ VMScl ,„ be 
cystine), and ft. sup* ° rTF "" *I ConscqucnUy. one 
depl e,ed as me Hy— « « ^ reUiively rich „ WP 

5 would expec. polymer fumed 'ate ■» ^ 

-■ - ^ C "" S : f r bol b Compare Example B. a 
c „„cenu*ion could occur. As ho „ y b> 

10 and triads, indicating a lack of copolvmer of this 

invention that » ^ h0 ^^ from fluor oo.ef.ns containing 4-8 
units of at .east one "monomer selected 

carbon atoms and iluorovmylethers. , ymer (0 be 

•. „f HFP and said comonomer combined to cause me cop y 
amorphous, with HFP and dd tcmperature of „ lcast 

proportions that sa.d "*^™L* ferably at least 35°C. This 

about 20-C. preferably at least 25 C. most pr J q{ 

copolymer can also less tban 20 mo,, 

20 additional comonomer enables HI- F to p 

- ^r^nToS Lldon usually -cm— 
(M V, in ,be £ £ I Pa, .CO . A HFP. 

„PP a „< o,b« comomer. comen. . * ' . bu „ s ,„ 

low heat of fusion. Thus, resins n -vstallinitv. 

from bavins . low MV — > 

The amorphous TFE/HFF copol Thjs 

characerized by uniform «»*«™»^ ^ h L TFE unto 
30 means .ha. mos. of ft. HFP »"'^™ p S ° ta M e presen. as d.ads 
as neighbor and only a mrnor p n of .he HFI ^ ^ 

.sequences of rwo HFP »»> « ™* ^nc ^ ^ 

, ~ruPP units in the polymer present as ru 
Tne fraction of HFP un ns u P )ess , han aboul 
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the form of a dispersion of small resin panicles in an aqueous medium. 
The dispersion panicles can be unusually small, with average panicle size 
typically in the range 0.01-0.15 urn, usually 0.02-0.1 ^m. Because of the 
small particle size and the amorphous nature of the copolymer, dispersions 

5 can be transparent and very clear. 

The polymers of this invention may be made at least by the 
method known as aqueous dispersion (emulsion) polymerization, and 
aqueous dispersion polymerization in the presence of a solvent, but with 
special parameter as will be explained hereinafter. 

10 * The minimum HFP partial pressure that can be used to make 

the amorphous TFE/HFP copolymer of this invention by the present 
semi-batch process is about 500 psig (3.5 MPa) out of 600 psig (4.2 MPa) 
total monomer pressure. HFP partial pressure is preferably about 525 psig 
(3.7 MPa). most preferably about 550 psig (3.9 MPa) out of 600 psig total 

1 5 monomer pressure. Higher, or slightly lower, total monomer pres;ure 
may be used, in which case HFP partial pressure should be adjusted 

proportionately. 

The surfactant should be chosen to obtain high dispersion 
particle surface area (small particle size) in order to enhance reaction rate. 
20 which is suppressed by the high concentration bf HFP relative to TFE. at 
desired high levels of HFP incorporation in the copolymer. In the process 
of this invention, surfactant concentration of at least 1.5* the critical 
micelle concentration is used to achieve this objective. Preferably, 
surfactant concentration is 2.0x. more preferably 2.5x the critical micelle 
25 concentration. Such concentrations of surfactant have generally been 
avoided in prior an processes. For purposes of this invention, the cnt.cal 
micelle concentration is defined as the critical micelle concentration as 
determined at room temperature. The properties of the surfactant-water 
system under polymerization conditions are uncertain, but advantageous 
30 results suggest that micelles may exist. 

For discussion of critical micelle concentration, for example, 
see Kirk-Othmer. Encyclopedia of Chemical Technology, 3rd Ed.. Vol. 
2-> pages 344-346 (1983). As discussed therein, the critical micelle 
concentration is the concentration at which surfactant molecules form 
35 aggregates called micelles. This property is characteristic of each 

solvent-solute svstem. and may be determined by measurement of var.ous 
properties of a solution as a function of surfactant concentration. For this 
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llfflC t^en as ihe point on a plot of 
wort . me criucal mice... con— ^ of ^ of 

surfa cc .ension «. concenlrauc, £ - « Surfa „ 

sur fac. .ension wnh " X «• ■ Wilh <"" P ' aK 
teMi „„ was delernnned nam *°^>J „ jmmersrf in , he ■** .he 

mic e.le concenrmion rcsmcs cho,c. ^of a ^ ^ mictUe 

, 0 commonly ^-i*!* of mis valoe would be 
c„„cen.ra.ion of aboo. 0.01a factan , desirab |v baa 

^easonab.yhiah. Forpracr. ^.to.O.OS »* pr—W - 
critical micelle concemmuon of indude amInc ,„i»m 

mOT Chanabou,0.0, mo^mu* e -* |ieconcBimlio „ ofabou , 
, 5 pcrfluorononanoa... wh,ch has acr ^ ^ lhtI£of 

disclosed in U.S. Pa.™ 4.380.61 8. Ol nuorochcmical 

are suhable ^ -"J ~T S Jf!l.s — >" 
of this in.cn.ion by .h. aam.ha.ch ^ ^ above 
emu , S ion polymeriaaoon app~ « ^ stabihI) , 
M .MMOTC and UK* ,s a lendency ^ >«< pol ™„iaauon 
totora common* «^ initialors sxtl as 

ammonuun persulfale (ATO. p 

acid peroxide. APS and/or ^ P ^ ^ M and 

After ^ " « «n - " S ' ane ''- ' 

m or,ome,a. hea.ed ,0 me cho^ -e^ ^ ^ ^cnzauom 

w , uli on of ini.ia.or « added a . P«s polymerto ,i»n s.ans. and 

I, is preferred .ha. pressure .a allowed .0 0 P 
I!, 'no more TTE la added for a preset d me u ^ ^ 

35 durim which .he mUi.ro. sol unon ouun ^ _ 

Virion is auned and conuolled ^ ^ 

reB ula.= mepolymen2anon. An aileron P 
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ft. pen rfteb-* i|iemjtive f0 , repllali „ 8 lh e r of 

. L, H is common with most allemanves firs, lo 
TFEWP copolymenanon. ll ,s comm ^ ^ 

5 psech^c .« HFP monomer a£TF ^ 

assure. Aooi.ioMlWE .s<heo »^»« T^e TFE may be added 
«,cuon kickoff.o mainiam the ™ essarv l0 jnctease „, 

at a co-sum. rate »im aguasor spe« ' ,„„ 
decrease ac.ua. polymenzauon ra.e and tea '° ™" 
10 psessum. ^^^^—1000^. 
be held consume w,.h TFE addeo as „ 0 , yniet i M ,ion in sl.aes 

p «ssu.e. A mini a— ^^clU TFE feed sa.es. 

^rrrmoss^eneonap^candase 

1 5 preferred, reactive than the TFE 

The HFP monomer is much less rcci 

h t the HFP/TFE ratio must be kept high to assure a high 
monomer so that the HFP/1 rt ste ady-state 
.corporation of HFP. The polymer, auo kme^tc ^ 
conditions also requires a constant ra no o ^ ^ fc 

20 polymerization in order to o ^ ^^.^ monome. 
consistent throughout the batch one ™*™ j^^. since the 
units. Failure to do so .ill «J of . conslant 

TFE is much more react.ve than HFP. careIul 

25 HFPcanbe^^ 

— plus subsequent add-on ^ 
additional comonomer .nto the reactor p 

comonomer and the amount to be mcorpora ud ,„ P ^ 

The batch (including semt-batch) process u 

30 71,6 batcn tl " * ^ is ab0V c the critical micelle 

i.e.. using a surfactant concentration thai :* * ^ ^ 

concentration, to make the ^^Z^ non-elastomeric. Such 
alsobeusedtomakeothe^ As 
other fluoropolymers are partially c ^ sla " f more lhan 3 j/g. 

Z ! y /paT UsX MV is in me san ? e of from .0 Pa, ,o 
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50 x 103 p a . s . preferably 0.5-10 x 10^ Pa-s. Such fluoropolymers are 
copolymers of at least mo fluoromonomers. mcluding those d.sclosed 
above. Of particular interest are copolymers of TFE with at least one 
other fluoromonomer selected from fluoroolefins containing 3-8 carbon 
5 atoms, fluorovinylethers. and functional fluorovinylethers. H7P ts a 
preferred fluoroolefm. Preferred fluorovinylethers mclude PAVE. 
Perfluoro(methvl vinyl ether), perfluoro(ethyl vinyl ether), and 
perfluoro( P ropyl vinyl ether) are preferred PAVE. For TFE copolymers, 
the amount of other fluoromonomer is usually sufficient to reduce the 
,0 meltine temperature of the compolymer signiflcan.ly below the melung 
temperature of TFE homopolymer. but not enough to reduce the heat ot 
fusion below 3 J/g. For making such fluoropolymers. the surfactant 
concentration can be at least 1.2*. preferably at least 1.5x. the cnucal 
micelle concentration. Utilizing a surfactant concentrate above the 
,5 critical micelle concentration in the process of this invention leads to 
improved results, for example, enhanced incorporate ot less reacnve 
comonomer or enhanced reaction rate at constant copolymer composmon. 

0t b ° th While concentrations of surfactant exceeding the critical 
20 micelle concentration produce desirable and unexpected results in 

polvmerization. they raise concerns about isolation ot the P o lymer rom 
potentially verv stable raw dispersion, i.e.. the product of polvmenzate 
in the polymerization liquor, and about high residual concentrates of 
surfactant' on the isolated polymer. One aspect of this invente also 

25 addresses these problems. 

Traditional techniques known in the art (see U.S. Patent 
5 ^66.639. for example) for isolating polymer from the dispersion 
po'lvmerization medium sometimes achieve incomplete recovery ot 
polymer solids from the medium of this invenuon. Th,s ,s probably due to 
30 a combination of stabilizing effect of the surfactant in its htgh 

concentration and the small particle size character^ of the ■!«*» 
produced bv the process. However, it has been discovered that essenua.ly 
complete recoverv of polymer solids from raw dispersion can be ach.eved 
by an isolation procedure composing freezing of the disperse. 
35 subsequent thawing of the frozen dispersion, and then separate of the 
polvmer solids from the thawed frozen dispersion. It has also to» 
discovered that the time between thawing and the removal of the hqu.d 
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recovered sol*. «* remov „ iecieas , s . 

tacreasmg as * e "~^ lbetha „, d Hquid. or removal of .he .hawed 

fluoropolymer soBds from ^TZ^^ — •* 
„„„, P^^^S^rUon. and is ^ 
.moephoqs TFE/WP «£ I homopolym ere and 

„ lM bk foe »^ f ' bn "" b ' e ^ P ion ^rtwion process. The 
copolymers, produced ^^TZ^ ca „ be su pp,eme„,ed wirh 
i freezcthaw isotaon me.hod of rh s .nvenr, 

vari ous procedures fo, „ ^ (emove 

will be shown by an example below, n rs advan J ^ ^ 

fr02e „ disper«ov Ure M , f ^ ^ 

° ^rrerCCr^oU^om.hlsp.reofrhcisola.n 

process of .his mvenuo n ^ fa „ g 

dLrsion from aqueous medium offers .ddmonal 
flooropolyme, resm ***** f™» < ^ ^ „ y „ amp|es „ 

a advances over pno, r an cw bc high . now of resin 

follow. d ™ J -A-, used in polymeria can 

S^XC^S fmm .ha resin. Prefaced nrodes 

be more efrecuveiy p sur f ac um from resm. 

„ fc process e h» pr0CBS of invemion. 

30 n influence .he choice of operaring damls. 

pra c,ica, -nsidarenons »m nn n« = ^ ^ ^ 

Perhaps mos. »«»^ " M ba carried ou, in bulk, as in 

Whl " rTnrm fined - sp^sion. such a procedure would require 
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u i mm Thus tor example, the body can be 
sma ll. e.g.. no more than about 3 ^ ^ 
a datively thin flat film or sheet, or can ^ ^ ^ 

cvlindrical shape. Bodies of frozen d sp^o * for ^ 

dimension also have the a^ p "si^s can provide the 
5 same heat transfer reason. M ^ io f h8ving a t .east one small 
advantageous condmon , of a body « P ^ ^ be placcd 

dimension. For example, -J^JL can be dipped into aaueous 
in a flat tray for ^ m *°^', on f on ns on the paddle surfaces, 
dispersion until a layer of fro en dtspers ^ 
10 or a chilled roll can be paruaUy of ^ dispersion and 

dispersion with the roll axts ^ to the ^ ^ ^ ^ 

of the reservoir, and the like. copoWme rs of this invention can 

be used in many ways. Being am «r , ^ and can 

articles thereof are transparent ^^optal clarity is important. 
bc particularly useful in application sf , wh ^ ^ rf ^ 

ln powder or pellet form, the °v which thermoplastics 

, 0 processes such as ^'^r ^shed Nicies, providing the 
■° are conventionally fabricated J M US e. Such 

properties of the copolymer ar< bU to ^ ^ 
anicles include film, tubmg, hose ^ mechanica i uses, injection- 

including wire insulat»on. coalings containers . protective linings. 

25 mo.deditem,b»ow-mo,dedan^ 

bminates and other compos.t sl ™ copolymers of this 

lh ermal characteristics make the ^ ^ ^ pcr nuoro P lastics 
inveniion 

suitable for uses no< «~ ^ processing 

because properties were mappropn ^ ^^pp copolymer of this 

30 temperatures were too high. For exa p . ^ ^ 

invention can be used as a melt adhe * ^ disqua Hf,ed them 

processing temperatures of pnor-a , ? ^ ^ (okrate 

for use in conjunction with many other mater 

exposure to those temperat urcs _ copo , v mers of this invention can 

35 ^r^TZ aTpolvmerized (raw) dispersion may be 

be used in dispersion torrn T* ^ ; sMy and/or 

used as discharged from the reactor 

12 
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blended into the TFE/HFP copoiym r m 

===== 

^posiUon. mey are — 7^„^Tlpols are prcf^ 
solutions al ambiem temped. p «' "° |() abom ,,. 3 alomic 

as solvenls. bol tluormated compouno . 

be used. 

aromat.es. both of vvh.er. ma. compounds may be 

perfluoroltetradecahydrophenanthrene). perfluo on p 
perfluoromethylcyclohexane. P^^"*^^ adducls . Certain 

pcrnuoroCtctradecahydmphenanthrcneV rf ^ 

,„ disperse form, the TF ^™ P , ecn „ iq ues for 

aan be used aeeordm E .0 . . of *«- 



35 



^ Aspersions and solutions of the —s^E/HFP 
copolymers of this invention can be used » , W ^ m ^vio«l>- 
possible to achieve end results ^ ^ ^ in less convenienr 
available perfluoropolymers or could be ach.eve . 
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-p. p resu , ts in clude anv of the results for which polymer 
ways. These results .nciuoc encapsulation, and 

dispersions and solutions are used, sue ^^nT J solans of the 

TFE/HFP copolymer dispersions w * 
^ »y ** by which such sys.ems 

« dipping. p.^.^™ 

arc known to be usea, mwu 6 rr . . th wel slale , 

, he doposi, . anions and solufions 

v H to m ake coalings on a broad range of sobsrrare 
i n v<mnon can be used ,o make coa.mgs 

trials, including men... """«""" K " , ^ i „d 

synrheric polymers. Thesubsrr^ . waf „. r.be,. 

forms, including film or paper, fo 1. she t »b. P f 
raamenr. cylinder, sphere. and ^<°™^£L» c „ be applW 
vimla „y unlimued number of .Tegular Co «£ PP 

by ntemods known in .he an. inclu dmg d.pp ng.jr yrn^ g. P 
F„, p,ane subsrrares of suuable d,mens,o ^ » 

inc ,ude. fo, example. «— c J lings , , he «. o, solveo, can 
a „d non-woven fabnes. In ™ k '°*£ , vmeI coa ,i„g. 

b. driven offby hea. leavrng a ^^^p'oopolvmers of.his 
Coafings of me amomho s TOHH P . ^ ^ 

, nve m,on can he a so,. — J",' ~ o polvm« roaring of .his 
5 mul.ilaye, coafing. Fo, example ^ J a „ fina , C oa,ing in 
iovenuoo can be used as a fiw o, pnmer. >me™ 

a mulfilayer of 
include coafings resulfing from m desired level, 

copolymers admixed witti mm disper sion or solut.on. 

35 ofTFE/HFP ^;^s a,e wimin me scope of ,h,s 
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Coated articles include polymer extrusion dies and molds for 
rubber and plastic parts, such as o-rings. bottle caps, golf balls, golf ball 
covers, golf ball cover half shells, and the like. The TFE/HFP copolymers 
of this invention, both as-polymerized and after fluorine treatment can be 
5 used in coatings. In the case of dies used for extrusion of polyoleftns, ,t is 
preferred that coatings be made from as-polymerized resin because such 
coatines are more durable. Both interior and exterior surfaces of extrusion 
dies may be coated to. respectively, facilitate extrusion and allev,ate die 
buildup. 

, 0 Coated articles include gasoline engine carburetor parts, 

internal parts of internal combustion engines such as valves and piston 
skirts- razor blades: metal containers such as cans. pans, trays, vessels, and 
the like- metal sheets and foils: continuous metal belts; metal rods, tubes, 
bars, profiles, and the like: bolts, nuts, screws, and other tasteners. 

Coated articles include an article bearing a machine- 
readable markine on a, least one surface, especially but not limited to a tag 
that can be attached to another object to provide information about 
inventory identification, contents, ownership, hazards, operaung 
conditions, or maintenance requirements, for example. 

Coated articles include wire fonelectrical and mechanical 
service. In either case, the metal wire may be solid or stranded. W.res lor 
mechanical service include catheter guide wire and the actuating w.re of 

push-pull cable. 

Coated articles include rubber o-rings. seals, beading, 

*>5 easketine. and the like. m 
' ^ ' Coated articles include paper and textile materials, mclud.ng 
woven fabric including glass fabric, non-woven fabric, felts and the 1,^ 
fibers including filaments, yams. e.g. staple and continuous filament, and 

strands. Coatc{ , inc|ude foams . membranes, and the like. 

Coated articles include optical fibers in which the substrate 

is a class or plastic fiber. 

Coated articles include optical elements, wherein the coating 
functions as an anti-refiective coating to reduce or eliminate reflection. 
35 Such elements include viewing screens, windows, television screens or 
faces, computer monitor faces, and the like. 

15 
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TFE/HFP copolymer ^ — ^ "PPW - ' — 
bend rwo nicies ne ."T f „ m of lhe WE /HFP copolymer 
from disunion or -~ "J^T * , e d ani c,.. Two da< 
,o make a tarn-* «*•* » comprising a subarate coated wtth 

, easI one of which . . MCh ,h *" 

to composition are brought .og«h« ^ ^ ^ aniclts 

« of ft. — * surface. - ^ ^ b[ough , , oft<h „. 

ma v id fact be a stasia antrte «> u . ,„ e 

a „d mora than mo antcles may be »™' bo „ dil)g of tw0 

coding merhod of mis invemton a „ d are in conf0 ,mmg 

anicles. After the mo ante ^*ZL of this contact is heated above 
contact wi.h on. anorher. a. least fe[ably , 0 . 

.emperarure of a. least 100 C .f ft. s anicles ^ b , ou _ eht 

, tempetarure. anicles can be advantageous 

.ogether. Pre-heattng of the coaled an „, 
if L coattng la applied Irom a ho, olu ion ofa^ g ^ ^ ^ 

copolymer in highly ftuorinated so « - ^ of 

anicles in conforming contact. ^ pfessu « can be an 

3 comae, for a time sulT,c,en, km ** ^ bonded 

Mental force or can anse from *■«! tem par3 W re. 
— r^^P°opo,-of,hisinven,ionc a n 

* „,d as processing a,ds for polyn" ^ coalings . 
3„ nuoropolymers. for examp co „ cenlia ,,ons ,n,o said 

meU conuc. surface or mcorpomed h„ ^ ^ ^ „„ 

cesins. Typical concenrrauon wta use „ of ^ 

is in 0a. rang. 25-5000 ppm. Wfr the fflm ap(foUo „ s , 

i„»en,ion is used as a processmg a,d m a poly , 238) of 5 0 or 

35 ft. polyoieftn general, wtftftave a m ^ ^ 
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u ,mdt index of 20 or more, may suffer processing 
example, those having a meh > aplastic 
difficulties. Such polyok fin may ^ ization or 

hydrocarbon polymer obtained ^ J CH2=CHR . 
copoWmerization of one o, ^ eight carbo n 
5 wherein R' is an alkyl radical, usually flowing: 

atoms. I-l^vt ST^^^^^^ 
polye*y,ene.^ 

having densmes within the and linear low density 

« m «^itions were determined by infrared 
Fluoropolymer compositions wer 

„ 0 025-0 051 mm thick films pressed at 300 C. 
spectroscopy on 0.02 0-05 1 ^ spectroscopy was 

15 TFE/HFP copolymers. Fourier ir ln lymg 

mp ,„yed in ft. .bou. 
this m«hod. to peak .bsort. ~» ™ CK „ lhcse „„« 

w.vetaphs unless toy v . « ^ ^ >bOTtalcK . 

» pressed as arnndex HFP1. „ b y 

. «0 »*> 105 mm thick Sims pressed ». 350 C. 
FTIR speciroscopy on 0.0S5-U. m waj 

PE VE was defined ta. . - — £ 1 JV^ to 4 . 25 , m 

c3lco ,3^in««%asl.3».h.m,oo .ta9J P ( ^ ^ 

2S absoebance. PPVI a- a — ^ , 0 , ^ ab50r ban« ,o 
was calculated in wt% as 0.V /* me 

, 25 Mro — jscosjiies o(ihe n^po,^ — * 
ASTM tneiboo D.23.-52T modify „ 0 , 62 inch 

detennined by DSC by <he methodof ASTM^ ^ ^ ^ iempemu[e 

conventional. "«'^ d 10 ' ''° r 

of the melting endotherm- hormeas 



35 

of the melting endotherm- ru» .... 
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he .„„ 8 was s-ane* as p*-** U. raw 

„ JZi- owa « — - » — — °" 

spectroscopy. xrc/uFP cooolvmer was measured by 

HFP distribution in TFE/HFP copoiymc 
m • a «niker AC 250 NMR unit operating at 235 MHz. 
.9F NMR using solutions in hexa fluorobenzene were 

Polymer samples as 3-5 /o (wt/voi, 

load ed in 5-mm NMR tubes and * ™ _ lg3 . 5 ppm for 

, Signals due to the tertiary Auorme - ^ - ^ as hea , tc _ tai , 
isolated HFP units, at -179.5 ppm H P ^ ^ ft . $ 

diads. and at -177 ppm for HFP units presen 

.cenain whether -~£~Z^Z*^« m 
also includes ohgomenc blocks larger tn 

respectively, of the areas ol tne r and-183.5 ppm. 

,„ , h c ,„,., of .he -^■li * *■ 
The detection limit tor triads is less man 

copolymer. ^.rwise stated, stated solution 

In the following, unless otherwise si«ucu. 
20 J m sin P d vveinht of solvent water and of 

concentrations are based ^^^^ in oispersi ons are based 

me gravimetric method. 

A dindncal. horizon** oisposeo. ""^"""tl, '5 

«■* TPE. ano *. -X^*' TBS — «" 
lero perai U re had become steady ai 103 C.HFr 



10 



PCTAJS96/01483 



WO 96/24625 



a .,c n ,; p (3 0 MPa). Then TFE was added 

red uL to 3S rpm and he.d conatan, for the — £-J^ « 
Tl.ere.te. the same initiator solution was pumped mro the reactor 
„ nanAninut e for the remainder of the polymcmat.on. After 
ZZtZ M begun as indicated b, a 10 psig (0.07 MPa) drop tn 
polymenzau » Mei , 0 ^ reacI0 r to maintain 

edded to the reacror after kickoff (87 mmutes). The TFE feed waa men 
foppedlthe reactor „ M e M .ed »im ute ini.ta.or teed eon,,n„m S and 
ZL— a.i.i running. When the temperarure oi the rea«~ K 
5 reached WC. initiator pumping and agitation were stopped and the 

, pa- of the dispersion were Wended with , . 5 pans of 

.0 |im. i ncn. x f 0 f concentrated nitric acid and 

630 free flowmg. and was noticablv less dusty man me sample 

30 »nd mechanica, coegulanon. The 

™ erased as pans of polymer produced per reacor voiume (pana, 
per hour, was 0.22. 

A polymerization ™s carried ou. similarily «. Example 1 
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j nn at 42 mm after precharging water and 
the agitator speed was turned on a ^2 n> ^ 

product dispersion was mtlky and op R t0 the 

isolation of the resin from of nilric ac id was added. 

Example 1 ^"^^^ HP Pa s. an HFP1 of 4.13. a T m of 
The product resin had an MJ of 7.4 ^ q{ ^ ^ 

254 o C with heat of portion of the dispersion by 

freezing ^^^^J^ lhc samp le isolated by 

reactor was then used to draw . n Q2f> pan of 

20 demineralizri wiltt. The sow ■ ^ lhe „ SM , td . 

agitation was begun at 82 rpm f was 
After the temperature had ^co- 

pressurized to 510 ps>g (3.6 MPa) * «* H ^ ^ 
25 Ledto l««C Tl-I^^ r ^sure was then increased 

lcm perature had become stead The « P 0.066 pan of a 

to 625 psig (4.4 MPa) by the addmon ofTFE ^ ^ 

fresh.y prepared aqueous solution con^n g - me ^ 
inw the reactor at 0.01 1 ^^^^ for the remainder 

30 solution was pumped to the reactor ^ ^ after 

of the polymerization. No addnm - pressure droppe d to 

pressureup to 625 psig. Dunn tha ^ 1 had begun . ^ 

P 59 4 psig (4.2 MPa) indicating th« g*« ^ ^ ^ 

pressure was then brought back to 625 p g ^ ^ ^ 
35 Ltheremainderofmepoly^^^^ 
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stopped and full cooling was applied 10 the reactor. When the temperature 
of the reactor contents had dropped to 90°C. the agitator was turned off 
and the reactor was vented. When the pressure had dropped to 1-2 psig 
(0.1 1-0.12 MPa). evacuation and initiator addition were stopped and 

5 nitrogen was added to the reactor to give a slow pressure rise. When the 
pressure reached 5 psig (0.14 MPa), the vacuum port was opened for one 
minute while maintaining the nitrogen purge. The dispersion, which was 
water-clear and quite stable, was then discharged from the reactor and 
saved. Solids content was 29.9 wt% and RDPS was 0.071 um. 

, 0 Approximately 800 g of the product dispersion was poured 

into a plastic bottle and then placed in a freezer at -20°C for three days. 
The bottle of dispersion was then thawed out in a bucket of warm water 
and the polymer phase which had separated was collected on a filter. The 
filtrate was found to contain 0.56% solids which consisted of polymer. 

1 5 residual surfactant, and initiator salts. The polymer was washed three 
times with demineralized water and then a portion of that polymer was 
washed three times with isopropanol (IPA). Both samples were then dried 
in a 55°C vacuum oven under reduced pressure with a nitrogen purge for 
two davs. The melt viscosities of both samples were found to be 90 Pa s. 

20 and HFPI was 1 0. 1 for the IP A-washed sample. DSC analysis showed a 
glass transition at about 45°C and a broad, weak endotherm at about 88°C, 
with a heat of fusion of 1.0 J/g. NMR analysis indicated HFP content was 
23.3 mol% and that 2.0% of HFP units in the copolymer were in diads. 
No triads were detected. 

The polymerization procedure described for Example 2 was 
followed with the following differences: I ) The initial water charge was 
4.63 parts. 2) The surfactant employed was 0.021 part of Zonyl® TBS in 
0.166 part of demineralized water. 3) Also added with the surfactant was 

30 0.0033 part of chloroform as a chain-transfer-agent. 4) The pressure in the 
reactor after HFP addition and raising of the temperature to 103°C was 
552 psig (3.9 MPa). 5) The pressure after TFE addition and that 
maintained during polymerization was 600 psig (4.2 MPa). 6) Agitation 
was at 90 rpm. 7) The first initiator addition was 0.066 part of a 2.5 wt% 

35 APS aqueous solution pumped at 0.01 1 pan/min. 8) Subsequent initiator 
ddition was the same solution pumped at 0.0022 part/mtn. And 9) the 
amount of TFE added after initial pressureup was 0.5 1 part. The reaction 
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lime after resummon ofTFE feed was 345 mi, The product emersion 
contained 14.4 «* solids and was water e ear. RDPS w« .0% pm. 
The freeze/thaw isolation procedure descnbed for Example 2 »as 
ineiT , L . .. •„„ The TFE/HFP copolvmer resin melt 
employed with thts dtspersum. The TYW ' P . 

viscosity was less than 10 Pa-s and the HFPI »as 1 i.~ ua / 
Ihow d a glass transition near 45°C, but no indication of a melung 
^therm 8 NMR analysis indicated that HFP 
that 2.4% of HFP units in the copolymer were ,n d.ads. No tnads 

detected. _ 
fomnnratiYf Eiamptt » 

An 85 mL autoclave was loaded with 60 mL of 
nerfluorodimethvlcvclobutane and 0.25 g of cobalt trifluoride. The 
auSave m sealed, chilled, and evacuated. HFP was used to sweep ,n 

Id The resulting poWmer solution was filtered to get r,d ol pink 

heavy on o j inherent viscosity of 0.207 

,„ perfluorotf b»ty ttmy showed , hat lhc 

^scz^rssi «»■ - - ° r hf i "" ,,s 

^ plen, as »*«. -s. 27% in diads. and 27% ,n 

am pic 4 

The reactor described in Example 1 was charged with 49 
, perftaoroeapryhne (OS) dissolve v ^ 

Z eaco, was ,hen eva„e«ed and purged ,h,ee 
comems below 30 C me I aflet 

5 ,he final evocuanon A*»» P ofiw 
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„ A«rc the moor svas pressurized wish TFE to a pressure of 380 
!J 1 25 wl% methanol was then pumped to the reactor at 0.20 

MPa) drop in reactor pressure, Atonal WE 

. „,e so as .o mainui. Ore pressure a ^ ^ P 

„f C-B m demur Won „ 66 ^ of an a( , u eous 

10 T tW APS N S) (0 45 «H) - P-H "»° 
solution of APS>lu.wwi/oi 

* — - ' t ^r^ tsC^on continued 
. d ded.otl«reae.or.*eTFEf«d«« » The reactor was 

until the reactor pressure dropped to IPOpstgiM w ' 

^ts 3 ::— procedure normal* used for TPH 

copolymers. ^ f(he Jispmio „ was diluted wirh 

. nil «rt<>/ n solids and 1 !0 wt% ammonium 
20 demineralized water to 23.3 wt /. solids ana 

carbonate (based on weight of polymer) was added This d, pe 
then coagulated bv the application of vigorous stirnng. The ^effluent 
^9 ppm of the C-B surfactant which had been added to the 

polymerization. ^ ^ ofAe dispersion W ere frozen. Two 
" ponions were*awed L described . previous awe 
frozen dispersions .ere filtered at ^^T^^TZ^ 
collected at 89 hr after thawing contained 237 PP m of C 8. 
coHected at 1 7 hr after thawing , * "from the 

30 I^rf^-^^S-i^Lp^ This 

thaW ed frozen dispersion spared with the result 

fixate contained 477 ppm of C8. J^^^J^ isolauon 
from chemical coagulation above, show hat the £ 
technique removes more ^ as the time 

35 amount of the surfactant earned away by the liquid 
between thawing and liquid removal decreases. 
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■ „f ,h« diswrsion was frozen, aid the frozen 
A „„,h« pom." or * * g» ^ ^ we „. 

disp«sion was broken up , ~ ««£ we „ p „ ced . „ 
Portions of,* 0.625 inch 0 .6 cm,. On. ponron 

diffcrcnr fillets « » bed ^ » 01 Ae ^d frozen dispersion 

conuined 496 ppm of C». »™ ^ wlsbe d rhree rimes wr* warn 
Uurwing was complete. «* r a vacuom oven . ^ 

water (40M5-C. dned m ppro based on rhc weigh, 

an.iyzed for C-8 resrdoe. C-8 rear ^ 
10 of rlTE resin. The second ponion «• PTFE rcsin so 

*— *• » lh ""J :r^ » have only 376 ppm of 



M^dis^i.nof.0^7^^ 
copolymer »as produced by, ; »* * - ^ „„, HFP1 „ 
Example 3. excepr .bar half as much ch WM 
isola ,ed rcsin was .0.8. MV w* P. s- ^ ^ , , wt% 
20 found by DSC. The raw lenstal 0 f 69.2 dync/cm as 

sohds. had RDPS of 0.03 ,m. - r ac ^ ^ 
n^ured by rhc nng mc.hod osmg 

dispersion would no, w«. ,M » ■ ™ ^ „ M red „eed ,o 

The surface .ens* M» ' J^bcun. (DuPon, 
, 5 24.2 dyne/cm by adding 10801 % •. lFSNisa 40w,%solu.ionof 2 
" Company) ,0 90 g , olve , surface rensron allowed rhc 

oonionie surfacran, in rsopropanoh Th ^ 

" -ZSZZPZ were prepared from rhc or,g,na, 



Raw dispersion (g) 

Water (g) 
Zonyi®FSN(g) 
Solids contem (wl%) 
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FiTlff" 1 P >e 6 

This example illustrates the film forming capability and the 
adhesion to glass and metal substrates of the amorphous TFE/HFP 
copo Z« of this invention. Dispersions A. B & C prepared . Examp e 
5 we " ed to coat glass and various metal coupon. Coupons of «* 1 * 
3 To 025 inch (25 x 76 x 0.6 mm) were cleaned with acetone man 

dipped into the dispersions. Excess dispersion was dramed off. and the 
P upons were dried overnight at 150<C. Metals tested were coppe .brass. 
,0 aluminum, stainless steel, galvanized steel, and chrome ^ 

All coatings were smooth and clear. Coatmg adhes.on to 
substrate was tested according to ASTM D-3359. Each coating was 
scored (scratched) in a 10-line cross-hatch pattern of 10 hnes/mch (hne 
7!Z 2.5 mm) using a razor Knife edge. Adhesi. .tape ^ presse^ 
, 5 aB ainst the scored coatings. The tape was removed and the coatmgs were 
examined. No removal of copolymer film from the coupons occurred 
^coupons with scored coatings were placed in boUmg water fori hr 
Ten were removed from the water, dried at 150°C for 1 hr. and cooled to 
o^mrmperature. Adhesive tape was again pressed against the scored 
20 c rngsandthenremoved. No^ofc^^-^ 

coupons occurred. Thus, the coatings were strongly adhered to the glass 
and metal coupons and resisted the action of boiling water. 

Example 7 

This example illustrates the adhesion of amorphous 
25 TFE/HFP copolvmer coatings to po.ymeric substrates. Polymer stnps of 
«i« 1 x 3 x 0 075 inch (25 x 76 x 1 .9 mm) were prepared from 
pirn t v me acrylate. polycarbonate, ny.on 6,6, EPDM hydroc^on 

' htha a. and polvimide. All samples were cleaned w.th acetone m 
7 Co I bath 'dried at 70°C for 4 h, cooled to room tempera-, ana 
dipped into dispersions A. B & C prepared in ^ 
dispersion was drained off. and the strips were dned overmght at 
All coatines were smooth and clear. 

~ Coatine adhesion to substrate was tested accordmg to 
ASTM D-3359. Each coating was scored (scratched) as in Example 7. 
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•n*t the scored coatings. The tape was 

Adhesive tape was pressed aga.nst *cscor ^ 

removed and the coatings were examm . ^ ^ coatings 

copolymer film from the stnps occurr ^ ^ ^ ^ 

were placed in boiling water for 1 hr* Adhesive tapc 

dri ed at 70°C for 1 nr. and cooled to room * ^ No 

was again pressed aga.nst the scor ^ ^ coaiings were 

removal of polymer film from the stnp ^ rf boiling 
strongly adhered to the polymer stnps and 



10 , •„ ut'ihtv of the amorphous TFE/HFP 

This examp,C '"trees ing aid. The inside surface of a 
copolymer of this invcntton asapr^s g ^ ^ ^ 
0.015 x 0.375 inch (0.4 x 9.5 mm ; ^ ^ ^ 

carbide capillary die havmg a 90 was dried a t 220»C for 2 

l5 dispersion C prepared in Example^ 1 ^ , ^ 

hr A linear low density V^^^^J^ wt% of colloidal 
min (GRSN 7047, Union Carb, e)and — g^ ^ ^ ^ 
silica to act as an abras.ve v. ^ coatc(J using an 

and through a control captllar> d. * a ^ and at a shear rate 

20 instron Capillary Rheometer at tempe ^ ^ 

of833 sec-«. When the polyethylene jas ^ of ^ 

capillary, the shear suess requ.red was . ^ ^ 

exudate was rough and ^ capiU ary under the same 

polvethylene was extruded through ^ P p> ^ ^ 

, 5 con'diuons. the shear stress rcq-^ ° and undl5lone d The 
" sta n up and me surface of the «^ ^ one nour . l0 4.5 

shear stress slowly rose, over a pen ^ ^ ^ shear slress 

as the copolymer coating was slo y ^ ^ again 

reached a level greater than 3* . -^pp copolymer 

30 became rough. This shows reduced shear suess 
coating acred as an «^ * *^ of . low concentrat.on of the 
and eliminated surface would have permuted sustained 

copolymer resin to the pc *«* * ^ ^ 
extrusion without melt fracture at r 



35 of ExampTfwt charged with 48.0 pans of 

The reactor of Example i evacua ted. purged 

demineralizedwate, The reactor was heated to 6 
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with TFE. and then evacuated again. The vacuum in the reactor was then 
used to draw in 0.079 part of chloroform and a solution of 0.22 part of 
perfiuorohexyl ethane sulfonic acid surfactant in water ( 1 .7 parts). The 
solution was rinsed into the reactor with another 0.88 part of water. Thus, 
5 the surfactant concentration was approximately 0.01 0 mol/L, i.e., above 
the critical micelle concentration (about 0.003 mol/L). The reactor was 
then sealed, agitation was begun at 42 rpm. and the reactor temperature 
was raised to 103°C. After the temperature had become steady at 103°C. 
HFP was added slowly to the reactor until the pressure was 350 psig 
1 0 (2.5 MPa). The pressure in the reactor was then increased to 600 psig 
(4.2 MPa) by the addition of TFE. and then 0.43 part of pernuoro( ethyl 
vinyl ether) (PEVE) was pumped into the reactor at a rate of 
0.165 part/min. Then 1.10 parts of a freshly prepared aqueous initiator 
solution containing 0.4 wt% of APS were pumped into the reactor at 
15 0. 1 1 part/min. Thereafter, the same initiator solution was pumped into the 
reactor at 0.0066 part/min for the remainder of the polymerization. After 
polymerization had begun as indicated by a 10 psig (0.07 MPa) drop in 
reactor pressure, additional TFE was added to the reactor to maintain 
pressure constant at 600 psig. The agitator speed was used to control TFE 
20 mass transfer into the aqueous phase so that the TFE addition rate was 
about 0.1 part/min. The average agitator speed required to maintain the 
target TFE transfer rate was 33.6 rpm. When a total of 1 8.0 pans of TFE 
had been added to the reactor after kickoffd 80 min). the TFE feed was 
stopped. When the reactor contents had cooled to 90°C. initiator pumping 
25 and agitation were stopped and the reactor was vented. After venting to 
nearly atmospheric pressure, the reactor was purged with nitrogen to 
remove residual monomer. The dispersion was then discharged from the 
reactor and saved. Solids content was 3 1 .5 wt% and RDPS was 0.094 urn. 
A portion of the dispersion was poured into a plastic bottle which was 
30 then placed in a freezer at -20°C overnight. The bonle of dispersion was 
then thawed out in a bucket of warm water and the polymer phase which 
separated was collected on a ftlter. The filtrate liquid was found to 
contain only 0.09% solids. The polymer was washed on the filter three 
times with a volume of demoralized water equivalent to 75% of the 
35 original dispersion portion volume and then was washed three times with 
similar amounts of isopropyl alcohol. Much of each wash liquid was 
removed by application of a vacuum to the bonom of the filter. The 
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pumping rale was 0.018 part/min after the first 12 min of pumping at 
0.055 part/min. Thus, the surfactant concentration was approximately 
0.0026 mol/L. i.e.. slightly below the critical micelle concentration. The 
reaction time after kickoff was 1 1 1 min. The resultant dispersion 
5 contained 30.7 wt% solids and had RDPS of 0.142 fim. The dried TFE 
copolymer resin had an MV of 1.6 x 10 4 Pas, an HFP1 of 3 .54, and a T m 
of 257°C with heat of fusion of 24.9 J/g. 

FTflmplc 11 

The reactor used in Example 2 was charged with 4.85 part.of 

10 demoralized water. 0.012 parts of Surflon® SI 1 1 (0.0051 mol/L), and 
0.0066 part of concentrated ammonium hydroxide. After pressure-testing 
the reactor at 80°C with 300 psig (2.2 MPa) nitrogen, the reactor was 
cooled to 30°C and it was then alternately evacuated and purged with 
TFE three times. The reactor was then left under a vacuum. Ethane was 

1 5 then fed to the reactor until the pressure rose by 1 0 Pa. The reactor was 
then sealed, agitation was begun at 110 rpm. and the reactor temperature 
was raised to 80°C. The reactor was pressured to 300 psig with TFE and 
then 0.074 part of PPVE) was pumped into the reactor. Five minutes after 
completion of PPVE addition. 0.66 part of an aqueous solution of 

20 0.25 wt% percent APS was pumped into the reactor at 0.066 part/min. 
Thereafter, an aqueous solution of 0.10 wt% APS was pumped to the 
reactor at 0.0022 part/min for the remainder of the polymerization. After 
polymerization had begun. PPVE was added to the reactor at a rate of 
0.00047 part/min for the remainder of the polymerization. The reactor 

25 pressure was maintained at 300 psig by the addition of TFE and the 
agitator speed was varied to control the reaction rate so that the TFE 
addition rate was 0.014 part/min. After 1 .96 parts of TFE had been added 
after the initial pressureup, the TFE. PPVE. and initiator feeds were 
stopped and full cooling was applied to the reactor. The agitator was 

30 turned off and the reactor was vented. When the pressure had dropped to 
1-2 psig (0.1 1-0.12 MPa), nitrogen was added to the reactor to give a 
slow pressure rise. When the pressure reached 5 psig (0.14 MPa), the 
vacuum was applied for one minute while maintaining the nitrogen purge. 
The dispersion was then discharged from the reactor and saved. Solids 

35 content was 26.6 wt% and RDPS was 0.1 14 ^m. The average agitator 
speed during polymerization was 99.2 rpm. A portion of the dispersion 
was subjected essentially to the freeze-thaw isolation procedure of 
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CLA1M f 1 A uniform amorphous copolymer comprising copolymerized 
units of tetrafluoroethylene and hexafluoropropylcnc containmg up to 29 
5 mol% of hexafiuoropropylene. ,. ec ,u 9n ,no/ 0 

2 The amorphous copolymer of Claun 1. where.n less than 10/o 
of said hexafiuoropropylene units are present in diads and mads 
combined. ^ rf ciaim ^ ^ having 

10 glass transition temperature of at least about 20«C. 

4. The amorphous copolymer of Claim 1. where.n HFP content ,s 
in a range of from 20 to 29 mol%. 

5 The amorphous copolymer of Claim 4. further conu.n.ng 
copo.vmerized units of at least one comonomer se.ected from fluoroo.ef.n 

15 containing 4-8 carbon atoms and fluorovinylether. 

6 TU amorphous co POl ymer of Claim 3. where.n sa.d copolymer 
contains copolymerized units of at leas, one comonomer selected from 
fluoroolefm containing 4-8 carbon atoms and fiuorov.nylethcr. sa.d 
copolymer containing sufficient units of hexafiuoropropylene and sa.d 

20 comonomer to cause said copolymer to be amorphous. 

7. The amorphous copolymer of Cla.m 3. where.n sa.d glass 
transition temperature is at least about 25°C 

8. The amorphous copolymer of Churn 8, where.n sa.d glass 
transition temperature is at least about 35°C. 

25 9. The amorphous copolymer of Claim > or 6. where.n sa.d 

comonomer is fluorovinylether. 

10 The amorphous copolymer of Claim 10. where.n sa.d 
fluorovinylether is selected from perfluoro(methyl vinyl ether), 
perfluorcKethyl vinyl ether), and P erfiuoro( P ro P yl vinyl eth«* 

30 11. An aqueous dispersion of the amorphous copolymer of Cla.m 

l ' 4 ° f 12. A solution of the amorphous copolymer of Claim 1 in a h.ghly 

fluorinated solvent. . . 

13 A process for isolating tetrafluoroethylene polymer res.n from 
35 aqueous dispersion produced by dispersion polymerization, con.pns.ng 
first freezin said dispersion to form frozen dispersion, then thawmg sa.d 
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frozen dispers.cn to torrntn dispersl0 n. 

said resin from liquid wherein said liquid is removed from 

1 4 - The proc : ro : £T£ - dispcrs,on becomes s 

said polvmer resin immediately 

5 ^awed frozen said liquid is removed 

15. The process of Claim » n fsaidrcsin . 
simultaneously with said ^ andw^ ^ ^ 

16 . The process of Claim 1 ^ ^ rf said frozen 
rotating a chilled roll in said on^ ^ laycr is scrape d 

10 dispersion on the surface of s» - ^ said dispersion. 

15 hexaf T — ° f claim 17 whcre,n said subslratc " mcul 

and said article is a wire. m said artic te is a mold 

19. The coated article of Claim 
for rubber or plastic parts- j? said anic ,e is an 

20 20. The coated article oi v. 

optical element. 7 whcrein said article is a 

21. The coated article of Claim , assembly . 

semiconductor, a xl . wherein said article is an 

-n The coated article oi ^ 

, 5 electronic device or .^^criring « ^ two 

23. A process «*~» » ^ 

nuoromonomers in an aqueous med ^ iaUy . cry stalline 
an aqueous dispersion fr P om said fluoromonomers said 

fluoropolymer « b - ^ 1 " ^ 

30 surfactant being present i surfaclan t. 

critical micelle - " c d 

24. The process of Claim com onomer selected 

copoly ™, - -"^J^t*. - > - 8 — 
from the group consisting ot t inylelnC r. 
35 atoms, fluorovinylether. and funct omi jsolaling S a.d 

25 Thc by a process comp 

nuoropolymer resin from said aq 
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first freezing said dispersion to form frozen dispersion, then thawing said 
frozen dispersion to form thawed frozen dispersion, and then separating 
said resin from liquid of said thawed frozen dispersion. 
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